Vertical cavity surface emitting lasers (VCSELs) are important and attractive light sources in various photonic systems of the photonic local area networks (LANs), optical interconnects, imaging-systems, and so on. High performance and novel functionalities are demanded for the VCSELs in these applications. Recent progress and hot technologies are introduced following the principle and the design guideline of the VCSELs. The wavelength widening from blue-UV to infrared has been achieved using various semiconductor materials and quantum-structures. The high speed modulation of several tens Gbps is becoming applicable to the LAN and interconnects. The high density multi-wavelength VCSEL array and the MEMS-based wavelength tunable VCSELs have been developed. These VCSELs and its technologies will open the new photonic era.
The current confinement by buried tunnel junction and dielectric multilayer mirror are the feature of this structure. GaAs SHG Fig. 8 Lasing spectrum of multi-wavelength 110 VCSELs linear array. 38 The different wavelength lasers were monolithically fabricated using novel epitaxial technique. 37 9 VCSEL 9 Lasing spectrum of wavelength-stabilized VCSEL under temperature change. The wavelength stabilization was achieved using fine designed MEMS mirror and any temperature control is unnecessary. Fig. 10 Schematic structure of a VCSEL using high-indexcontrast sub-wavelength grating (HCG). The HCG mirror requires only a sub-micrometer thickness for high refl ectivity. Fig. 11 Potential structure in mesa section after quantum s t r u c t u r e i n t e r m i x i n g ( Q S I ) a n d l a s i n g characteristics of QSI-VCSEL. The lasing performance of QSI-VCSEL was improved in comparison with the VCSELs without thermal annealing. 
